The Transmutation of Elements	63
in several pounds of radium would be sufficient to drive a
big transatlantic liner to Europe and back, or to run an
automobile motor continuously for several hundred years.
However, the subatomic energy hidden in the Interior o£
radium nuclei is not liberated in a single outburst but
rather leaks out of them at a very slow rate. In fact, it takes
1600 years for one-half of a given number of radium atoms
to disintegrate and another 1600 years for the remaining
half to be halved again. This slowness of radioactive decay
makes the energy liberation per unit time comparatively
low; and in order to warm up a cup of tea by the energy
leaking from one gramme of radium (priced at $40,000)
we should have to wait several weeks.
In the case of uranium and thorium, with decay periods
of 4.5 and 16 billions of years respectively, the rate of
energy liberation is corresp radingly still smaller. There
are also short-lived elements, such as radon (with a life
period of 3.8 days) or RaC' (disintegrating in 0.000,01 sec-
ond); but, precisely because of their rapid disintegration,
their presence in radioactive minerals is so minute that it
cannot be even detected by the ordinary chemical methods.
We shall see later (Chapter XII) that all the radioactive
elements at present known have actually been formed in
the very early stages of the development of the universe,
and in this sense represent the "earliest documents of crea-
tion." Only those of them, such as uranium and thorium,
that possess lifetimes comparable with the present age of
the universe (about two billions of years) can still be found
at present, together with their various disintegration prod-
ucts (the members of their corresponding families). If un-
stable elements of even higher atomic; number were created
at this early epoch, when the formation of elements took

